Objectives: There were two objectives: first, to review the existing data on energy costs of specified activities in the light of the recommendations made by the Joint Food and Agriculture Organization/World Health Organization/United Nations University (FAO/WHO/UNU) Expert Consultation of 1985. Second, to compile existing data on the energy costs of physical activities for an updated annexure of the current Expert Consultation on Energy and Protein Requirements. Design: Electronic and manual search of the literature (predominantly English) to obtain published data on the energy costs of physical activities. The majority of the data prior to 1955 were obtained using an earlier compilation of Passmore and Durnin. Energy costs were expressed as physical activity ratio (PAR); the energy cost of the activity divided by either the measured or predicted basal metabolic rate (BMR). Results: The compilation provides PARs for an expanded range of activities that include general personal activities, transport, domestic chores, occupational activities, sports and other recreational activities for men and women, separately, where available. The present compilation is largely in agreement with the 1985 compilation, for activities that are common to both compilations. Conclusions: The present compilation has been based on the need to provide data on adults for a wide spectrum of human activity. There are, however, lacunae in the available data for many activities, between genders, across age groups and in various physiological states.
Background
The 1985 Joint Food and Agriculture Organization/World Health Organization/United Nations University (FAO/ WHO/UNU) Expert Consultation on Energy and Protein Requirements drew up a list of gross energy expenditure in specified activities (Annex 5, of the Technical Report Series, 724) 1 . Energy expenditure for each activity was expressed in terms of a 'metabolic constant', a multiple of basal metabolic rate (BMR). Separate lists were drawn up for male and female adults, for both developing and developed countries and in various categories of activity.
Aim of the present compilation of energy costs in specified activities
The aim of the present exercise was:
1. To review the existing data on energy costs of specified activities in the light of the recommendations made by the Joint FAO/WHO/UNU Expert Consultation of 1985 1 .
2.
To compile existing data into an annexure for the present expert consultation on energy and protein requirements.
Methodology used
Both electronic and manual searches were employed in order to obtain published data on the energy costs of physical activities. The vast majority of data before 1955 have been obtained from the compilation of Passmore and Durnin 2 . Most of the subsequent literature has dealt with energy costs of activity under constrained laboratory conditions using treadmill or bicycle ergometry protocols. Another large section of literature has focused on the energy costs of sports, primarily in well-trained and elite athletes. The 1985 Expert Consultation list of the energy costs of specified activities, focused primarily on daily activities of individuals and this has also been the focus of the present compilation.
Studies that were included in the final analysis were required to have:
. Measurements of the energy costs of activities. The vast majority of studies included had measurements using the Douglas bag technique or using the Kofranyi Michaelis instrument. Some studies reported energy expenditure in terms of oxygen consumption. . Measurements of BMR, or alternatively, have sufficient anthropometric details to allow for the prediction of BMR.
. Predicted BMR: for all studies that did not actually measure BMR, BMR was computed using the FAO/ WHO/UNU prediction equations of 1985 1 . The equations used were those that either had height and weight as predictor variables or weight alone, depending on the availability of the anthropometric data. . Physical activity ratios (PARs): otherwise referred to as 'metabolic constant' in the 1985 compilation, was computed as the energy cost of the activity divided by either the predicted or measured BMR. . Energy costs of activities: wherever data was presented in the form of oxygen consumption, this was converted into energy equivalents using a standard 1 litre O 2 ¼ 5 kcal. . The final collation of the energy costs of specified activities includes the data of the present compilation as well as some data of the 1985 compilation for which data was not reviewed in the present compilation. Where more than one study has contributed to the PAR of a specific activity, a 'PAR range' has been provided. This essentially indicates the highest and lowest reported PAR for a particular activity. This provides the user of the data with some idea of the betweenstudy variability in the estimation of the PAR.
Comparison of the present compilation with the 1985 data
The present compilation is largely in agreement with the 1985 data for activities that are common to both compilations. In some situations, despite the apparently common source of information, calculated PARs differ marginally. This is likely to be due to different methods of computing the BMR. In the final compilation of the data, PARs are reported based on the calculations done during this compilation, even when the differences between the previous and the present compilation appear small. The final decision on which of the PARs to use should take into account the different methods, if any, of arriving at the PAR and of usage of BMR prediction equations. The methods by which the original PARs in the 1985 compilation were arrived at were unavailable to the authors at the time of this compilation. One PAR that has been retained from the original compilation despite the fact that the actual PAR may be marginally lower is that of sleep, which has been retained as 1.0. This is because of the greater ease with which the total energy cost of sleep can be computed and the marginal effect that changing the PAR would have on the estimate of daily physical activity level (PAL). For some of the activities, the present compilation appears more than marginally different from the 1985 recommendations. This may be due to the addition of more studies in the present compilation and the high variability of PARs across studies.
Limitations of the data
This compilation uses data from many sources and the studies that have been reviewed have varied in their detail and methodology. Stringent selection criteria, would have reduced the available data on PARs considerably. A decision was taken to be inclusive, rather than exclusive, with the aim of providing a wide coverage of activities. Wherever possible, the data were assessed for face validity when more common activities, the PARs of which have been better documented, were described. Nevertheless, the user of the tables should be aware of the issues that need to be taken into consideration while accepting the data. These include:
. Varied descriptions of the activities: while some studies have been explicit in the description of the activities, most have used single word or short phrase descriptors. This poses a problem while collating data on the same activity from multiple sources. In the present compilation, the descriptors used by the investigators have largely been conserved and in situations where the same activity may have been performed differently (using a different posture, for instance), the activity is listed separately with its own PAR. This does not necessarily mean that the two activities have truly different PARs, merely that one descriptor may be more applicable in a local situation than another. For instance, under 'domestic chores', PARs for 'washing clothes' have been listed under several heads: 'washing clothessquatting on the ground', 'washing clothes-standing', 'washing clothes-sitting', 'washing clothes-unspecified' and 'washing small clothes'. The advantage here for the user is that they can choose which activity is most suitable for their local circumstances, rather than have to make a decision as to whether a generic 'washing clothes' is applicable for them. . Varied methodology used: some studies have used measurements at 'steady-state', others have used 'point' measurements. The criteria for 'steady-state' measurements also vary between studies. Details about the calibration of instruments are variable across different studies. . Computation of the BMR: in the present compilation, computation of BMRs was done using the anthropometry provided. While in all instances the BMR was computed using the FAO/WHO/UNU equations of 1985, anthropometric data was often available only for the entire study group, while the specified activities were measured in subsets of the whole group. This would have contributed to errors in the computation of the BMR for the subset and estimation of the PAR. . Conditions of measurement are frequently inadequately described. Details like the climatic conditions, the time of day of the measurement, etc. are unavailable for many studies. . Sample used: some of the present compilation is based on single study, single measurement data, while others have made multiple observations on the chosen subjects. For many of the activities data are not available for both genders. . It is important to recognise that the PARs presented, represent data related to the actual activity and are not inclusive of the rest periods that may be associated with the normal performance of the activity. . Inadequate coverage: there are some areas of human activity that are not represented in the final compilation because data was not accessible to the author, or because no data appears to be available. Similarly, nonEnglish data sources have not been reviewed.
Use of the data
In order to determine the actual energy cost of an activity, it is necessary to first determine the BMR, either by actual measurement or by using prediction equations. The energy cost of the activity is then computed by multiplying the BMR of the individual with the PAR reported in the table. When this is multiplied by the duration (in minutes) of the activity, the total energy expenditure related to the activity is obtained. Thus as an example, if an individual who had a BMR of 1.0 kcal min
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, washes clothes while squatting on the ground (PAR ¼ 2.8) for 10 minutes, the total energy expended will be 1.0 £ 2.8 £ 10 ¼ 28 kcal.
There are several important problems that will be faced by people who use the tables. Does a small difference in PARs between genders imply a significant gender difference in the energy cost of an activity?
It is important to recognise that the PARs presented in the final compilation are actually computed PARs from the studies that have been reviewed. A small difference in the PAR between the genders may thus be of no significance. Differences between the genders in the final compilation could be attributed to various factors including different sources of data, the number of sources available, and different methods of performing the activity, among others.
PARs are available for only one gender
In the present compilation, 62 activities were identified for which there were matching data for both males and females from the same study, over a wide PAR range. Male and female PARs were highly correlated (r ¼ 0.97). Female PARs could be predicted from the male PAR using the equation 0.968 £ Male PAR þ 0.194. Based on this analysis, it would be reasonable to use the PAR of the available gender for both genders, when data is not available for both males and females.
The PAR for an activity is not listed
Where the PAR for an activity is not listed, it may be necessary to use the PAR of an activity that is closely related or similar in intensity. While this calls for judgement by the user, there appears to be no alternative for this, until such data are generated.
The average PAR for an activity seems too high or too low This is because the average PAR in the final compilation is an average of the PARs obtained from different studies. The value across studies is quite variable and may, in part, be due to the variable way in which the same activity has been performed in the different studies as well as measurement errors. In such a situation, the PAR range has been provided, which is basically the lowest and highest PAR reported across studies. The range will allow the user to make a decision about which value within the range provided is appropriate for the activity, performed under specific conditions. What PAR should be applied when an activity has been performed for a long duration with obvious rest periods or pauses?
Since the PARs in the present compilation, like those of the 1985 compilation, reflect values of activities during the actual performance of the activity, application of the PARs for durations when there have been rest periods/pauses will tend to overestimate the energy expenditure. One of the approaches to this problem may be to assign a correction factor that takes into account rest pauses. A case in point, where this has been attempted is James and Schofield 3 , based on the earlier FAO/WHO/UNU Expert Consultation, where the authors have suggested the use of Integrated Energy Indices (IEI), which are essentially PARs, corrected for pauses/rest periods. According to the method proposed, PARs can be divided into light, moderate and heavy activities based on PAR cut-offs of 1.0-2.5, 2.6-3.9 and 4.0þ. Average estimates of the length of pauses during specified activities is estimated at 75% of the time of light activities, 25% of the time for moderate activities and 40% of the time for heavy activities. The average estimates of PAR for the rest periods/pauses are 1.54 for males and 1.68 for females.
Conclusion
The present compilation has been based on the need to provide data on adults for a wide spectrum of human activity. There are, however, lacunae in the available data for many activities, between genders, across age groups and in various physiological states. Future work needs to target these areas, while addressing the limitations of the available data listed earlier. Pruning: done by hand with scissors (300 g) and saw (500 g) standing on the ground or on a wooden ladder against a tree 4.59 3.6
Weeding: cutting and bundling fallen branches using a hatchet (1900 g), bill-hook (700 g), rake (1000 g) and hay-fork (1600 g) 6.02 4.73
Hand spray: of pesticides -hauling a spear (1000 g) connected to a tank through a flexible rubber tube 4.85 3.81
Mech spray: of pesticides -driving a tractor slowly (2-3 km h
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) among the trees towing a tank provided with an atomiser 2.37 1.86
Mowing: cutting the grass among the trees while walking and directing a self-propelled motor mowing machine (100 kg, 9 hp) 6.25 4.91
Picking: handling a basket in one hand and picking with the other, standing on the ground or on a ladder. The full basket can reach a weight of 12 kg 4.58 3.6
Abbreviations: BMR -basal metabolic rate; PAR -physical activity ratio. Subjects: 17 males. Age 40.1 years, height 175.4, weight 80.1 kg (all means). Measurement: VO 2 measured for short periods (5 -10 minutes) by Oxylog in steady state conditions (, 2.5% incr). PAR calculated using the predicted BMR. Abbreviations: BMR -basal metabolic rate; PAR -physical activity ratio. Subjects: 10 males (age 27.6 years, height 165.4 cm, weight 53.9 kg) 10 women (age 24.7 years, height 154.8 cm, weight 46.9 kg, all means) Filipino men and women. Equipment: energy cost using Max Planck respirometer and E2 Beckman analyser. Measurements: each acivity for 8-10 minutes, 2-3 determinations done per individual. BMR for each subject on 2 consecutive days using the Sanborn Basal Metabolator -PAR calculated using measured BMR. Abbreviations: BMR -basal metabolic rate; PAR -physical activity ratio. Subjects: women, variable numbers for different activities (age: most from 18 to 35 years). Women consisted of non-pregnant, non-lactating women (average weight 49.8 kg), Pregnant women in the first trimester (average weight 50.4 kg) and lactating mothers (average weight 53.3 kg). Measurement: made using Douglas bags. Gas collections for 5 minutes after a 3 minute equilibrium period. Gas analysis with calibrated analysers. Volume with a wet gas meter. PAR calculated using predicted BMR. Abbreviations: BMR -basal metabolic rate; PAR -physical activity ratio. Subjects: 20 male professional firefighters, anthropometric profiles for each activity provided by the authors. Measurement: expired gas volumes collected and aliquots measured using a Gallenkamp -lloyd Gas analyser. Each activity was on ? five subjects repeated on two separate occasions. PAR based on predicted BMR. Abbreviations: BMR -basal metabolic rate; PAR -physical activity ratio. Subjects: Eight subjects -details of age and anthropometry for each subject provided by the authors. Measurements: 'Spot collection' of expired gases, using a light-weight gas collection system with a manually operated valve linked to Beckman C2 O 2 analyser and CO 2 absorber. VO 2 was recomputed to provide kcal min 21 . The jobs ranged from sweeping and light raking of bauxite ore across the pot surface to the wielding of a 14 lb sledgehammer to break up the remnants of a carbon anode into pieces. Generally, hand held jackhammers were used to break the surface crust that was formed on the molten metal during the reduction process. Molten metal was siphoned under vacuum from the reduction pot into a large cylindrical cradle, which was manoeuvred from place to place by an overhead crane. Anodes (carbons) were moved into position by the crane after being hooked to the winch by the worker. Final positioning of the anode within the pot was accomplished by the worker using a crowbar. The collecting cradle was cleaned by breaking the remaining slag from the sides and bottom of the container with a hand-held jackhammer. PAR based on predicted BMR. Data provided for each subject separately. Equipment: modified gas collecting system to allow skipping. Gas collected via tubing into meteorological balloons and analysed using Beckman E2 and LB1 analysers. Measurement: gas collection for 5 minute after start. PAR calculated using the predicted BMR. Abbreviations: BMR -basal metabolic rate; PAR -physical activity ratio. Subjects: 11 healthy males who had been practising Tai Chi regularly for 3-8 years (age 28.4 years, height 176.9 cm, weight 71.5 kg, per cent fat 13.9). Equipment: automated respiratory gas collection system (Jaeger Ergo-Oxyscreen) with paramagnetic and infrared analysers. PAR calculated using predicted BMR. 
